This study analyses the extent and spatial distribution of the forest resources and their energy potential in the province of Nuoro (Sardinia, Italy). The aim is to create a data base which will help decision makers to make a plan for the sustainable use of the resources of the territory. A GIS-based model was used to assess the energy capacity and suitability of the area. This model used four basic information layers: (1) slope, (2) hydro-geological constraints, (3) protected areas, (4) forest districts under regional forest management. These four criteria are of great importance when attempting to assess the quantity of available sustainable biomass. Based on their potential energy production, 140 basins were identified, which could provide enough forest biomass to fuel all the heating systems currently installed in public buildings of the Provincial administration.
Introduction
The production of energy from renewable sources in Sardinia is less than the average for the Italian regions, despite the great potential of the island. While the national average for electricity production from renewable sources is 27% of the gross consumption, in Sardinia this value is only 25% [1, 2] . Recent investment in renewable energy in the region has up to now concentrated more on wind-farms and photovoltaic power plants, and less on using local biomass resources as lignocellulosic residual from forest and agriculture. According to recent data published by the Sardinian Region in 2013 [3] , there are four electric power stations which use solid biomass as fuel, and 24 power plants which serve the thermal needs of industry and agriculture. About 50% of the total biomass consumed by these installations comes from outside the region. Unlike the national situation, where 76% of forest and agricultural biomass is used to produce heat [4] , in the regional energy strategy biomass is primarily seen as a way of generating electricity (66%) rather than heat (34%). The recent plan of new power stations is directed more at providing financial incentives for renewable energy production, than at developing a supply chain of local biomass. The present study aims to create a database on the energy potential of the forest biomass in the province of Nuoro, quantifying it and describing how it is distributed in the area, and also to elaborate plans for its sustainable use. The latter will be based on a distributed generation model which may then also be used for other areas of the region. [5] , Sardinia is the Italian region with the greatest amount of forest cover (1, 213 ,250 ha). However some 43.1% of this is shrubland or Mediterranean Maquis. While the province of Nuoro occupies only 16.3% of the region, 57% of it is forested, which also makes it an area of great environmental importance. The province is mainly mountainous or hilly. The data from the ISTAT 2010 census [6, 25] shows that, of a total of 227,500 ha dedicated to agriculture (of which 75% is permanent pastureland used for grazing, 20.3% cropland and 4.7% timber production), 49,222 ha on farms are wooded or coppiced, or, in other words, some 17% of the total surface area of the province. The Soil Use Map (UDS) produced by the Region of Sardinia [7] also confirms that Nuoro province is an area of great environmental value with low levels of anthropization: 69.1% of the province is still covered by forests or semi-natural environments and only 1.9% is urbanised. Detailed analysis of the forested area (Table 1) shows that forests cover 46% of the "Forested land and other semi-natural environments" category. 73.6% of these forests are broadleaved (91,000 ha), 21,253 ha are cork oak, and a small amount (7,422 ha) are conifer forests. However there is no plan in place to manage these rich forest resources. The Regional Forest Environment Plan (PFAR)) of the Sardinian Autonomous Region [8] introduces, for the first time, different levels of forestry plans. These range from general plans, with macro level models and the introduction of forestry districts, to detailed local plans. At present, in the whole region, only two management plans have been adopted and are in force, covering an area of 4,800 ha. Form of management are applied in the areas under administration of the Forest Authorities, as well in some municipal areas managed by local cooperatives or specialised companies. The PFAR states that the amount of biomass that can be extracted for energy use must be a percentage of the annual growth of the forests, so that its exploitation is sustainable. This is also because of the relatively modest production of wood from the Sardinian forests and their levels of degradation. This is due to the pressure put on them for many years by grazing, irrational destruction of woods, and summer fires. The plan is certainly designed to guarantee the improvement of the forests. It excludes the Mediterranean maquis and the woods which specialise in cork production, as well as those areas where the stands of trees play an important role in preventing hydro-geological instability. Finally one must bear in mind that not all the potential annual sustainable production can be extracted from the forests and converted into energy. Even in the most favourable conditions for mechanization of wood production it is sometimes necessary to not remove all the potential biomass. This is because the removal of the whole woody biomass may result in a reduction in the fertility of the soil and also cause erosion [9] . One must also take into consideration that many stands of trees are difficult to reach by road, and this affects their possible profitable use. Thus the net amount of woody biomass which is actually available at provincial level may be substantially less than the potential sustainable production, due to the geographical location of the forests and the lack of access to them [10, 24] . 
Characteristics of the area of the study

According to the data from the INFC (National Inventory of Forest Resources and the Forest Reserves of Carbon
Methodology
Quantitative and qualitative evaluation of forest biomass resources that can be used to produce energy has first required that information was collected and systemized, and then inserted into a Territorial Information System, using the ArcGis 9.3.1 software [11] .
Organising the information geographically (GIS) is essential when making energy plans for forested areas. The basic assumption is that detailed digital and filed information can be used to provide sufficient information for the territorial investigation. Unlike in other Italian regions, in Sardinia there are few studies on the management, treatment and increase of wooded areas, and thus information from many different sources has been integrated in this study ( Table 2) .
Estimate of potential forest resources
The available potential woody biomass that can be used for energy production is normally estimated on the basis of the quantity of waste residues that have been produced by other activities. These residues consist of the branches, tree tops and other parts of the that have been lopped off and chopped up during other activities. The estimate is based on forest areas that can produce quantities of woody biomass for energy use on a constant yearly basis [12, 13] . The annual sustainable and renewable productivity of the biomass is estimated from its increase under different forms of management (forestry and coppicing) and from the dominant species in the area [12, 14, 15, 16] . In the Province of Nuoro the lack of information on the type of management and the density of the forest vegetation, as well as the general absence of managed woods, makes it impractical to make a detailed estimate of the forest biomass with the methods most commonly used in the literature. However, because the principal products of managed woods are only needed in modest quantities by the wood industry, one may assume that a certain percentage of total yearly growth is available for energy uses. With reference to the use of forest biomass for energy, the PFAR (Regional Forest and Environmental Plan) [8] proposes an overall analysis which will give each type of forest an average annual growth value and a coefficient which indicates the maximum use that is compatible with sustainable forest management (Table 3) . Only certain categories can be used. This is not for technical reasons connected to the type of forest, but because certain types of vegetation must be preserved and protected. Examples of this are the Mediterranean maquis and the cork oak groves, which are completely excluded from use as energy biomass.
The only territorial database which is available at regional level today is the RAS Soil Use Map (UDS). This provides information on vegetation and non-vegetation cover at a scale of 1:25000. The legend is a modified version of the 4 th Level Corine Land Cover. This level, when used in conjunction with the information on the annual growth rate and the maximum use coefficient for each category supplied by the PFAR, allowed us to give each usable polygon a value for the forest biomass which could be produced from it. After the relative energy values were applied [17] , this made it possible to estimate the amount of energy that could be obtained from each surface area. Estimate of usable resources There are severe limitations to the potential productivity of the forested areas, due to the way that the land is managed. These are principally the result of the geographical characteristics of the areas and the regulations which govern the use of forest resources. As a result four basic suitability criteria have been used to assess the usable forested areas and thus to calculate the energy potential of the area. These are: (1) slope, with the value increasing as these become less steep; (2) hydro-geological constraint (Law No. 3267/1923), which impose strict limitations on the use of forest resources; (3) protected areas, and in particular those which are Sites of Community Importance or Special Protection Areas, as in these cases there are limitations on how they may be managed; (4) forested districts of the Sardinian Forest Management Authority, which presumably are of great interest as potential sources of energy. In order to evaluate the areas, based on the above-mentioned limitations, each area was given a value based on its suitability for use (Table 4 ). The valuations were divided into five classes in order to assess whether or not the area was suitable for producing energy, with 1 being minimum suitability and 5 maximum suitability. The primary information used was derived from the official RAS (10 m interval) DEM (Digital Elevation Model) data base. Then the Surface analysis tool was used to create the exit raster of the slopes, which gave the steepness of the slopes as a percentage. The Spatial Analyst tool, using 10 square metre cells, allowed us to create a raster of the basic information in vector format. This provided adequate detailed final information, which was then used to establish the suitability value of the particular area. The DEM was reclassified, giving it a suitability value based on the class of the steepness of the slope, shown in Table  4 . This, in turn, was derived from EEA Report No.7 [9] with the addition of the 32% of the intermediate class.
The suitability parameters for the four criteria were calculated for each cell using the ArcGis
Raster Figure 1 -Map of the suitability of the areas for exploitation of the forest biomass, with details of the four basic criteria
calculator. The suitability levels obtained by these calculation were then reclassified, using the Natural breaks method, which identifies significant discontinuity points among the values through attempting to regroup them. The levels were then subdivided into classes whose limits coincide with the points which the differences between the values are greatest [18] , and the areas were once more classified into five levels. This method allowed us to identify areas with different levels of structural and legal suitability for use; the information is presented in the "Suitability Map" (Fig. 1) . For the polygons of usable woods the UDS vectors were used to calculate the annual energy production per hectare, based on the growth per unit, the coefficient of use and the lower heat values per unit (Table 3 ). This data was obtained in raster form and then used to class the suitability of each polygon. The information was then reconverted to vectorial form and then overlaid on the UDS. This allowed us to identify the different levels of suitability of the forested areas for energy use. The next stage was aimed at identifying the supply basins, based on the energy density of the area. The selection by attribute tool was used to extract from the geographical database of the forest formations suitable for energy use the polygons of classes 4 and 5 or, in other words, those areas which are most suitable for energy use. The resulting polygons were then aggregated based on their contiguity. using the dissolve tool. This tool allows adjacent polygons with identical information and their energy values to be fused together to provide large polygons with a total value for their available energy resources. From these polygons, we then selected those with the capacity to furnish at least 200 GJ a year or, in other words, enough wood to heat a 40 kW heat generator for a year. The practical use of the model was improved by taking into consideration the road network in each basin, as being able to transport the wood from where it is grown is a critical factor when evaluating its suitability for energy uses [19] . Thus information on the road networks (the main principal and secondary roads in the province) was inserted into the geographical database in vectorial form. The diffusion of the road network, and how many roads it contained, were then calculated for each basin, and the relationship between the extension of Overlay the road network and the area of the basin was used to calculate an internal viability index (m/ha). This parameter provides an indication of the suitability of each basin for energy production, as usually there are no specific roads dedicated to the first stage of the process, which is collecting the biomass [19] . A flow chart of the whole procedure is shown in Figure  2 . In order to calculate the total biomass resources available in the province of Nuoro, residues from the most common forms of wooded cultivation in the area, olive groves and vineyards, were also included. The ARSIA (2009) method [20] was used to estimate the residual biomass. This method calculates the relationship between the production levels and the development of the cultivated vegetation. The coefficients used for estimating the quantity of waste produced by pruning are those from "Report 11/2001" produced by the ANPA/ONR [21] . Based on the agricultural systems and the amount and type of machinery used on the island, they suggest using the following regression coefficients 
Results
Our research allowed us to identify the amount of forested land which could be used for providing biomass to be used for energy, according to the limits imposed by regional regulations [8] (fig. 3 ). The total was 101,647 hectares and theoretically this could provide annually more than 53,000 tons of biomass (seasoned for one year). The biomass comes from residues, stumps and other sources, and has an energy potential, considering a low heating value (LHV) of 12.5 MJ/kg, of some 670,000 GJ/year. Classifying the area into five different classes, based on their geography and the regulations which govern their use, allowed to identify the most suitable areas for collecting forest biomass for energy use (Fig. 1) . Classes 4 and 5 were the areas with fewest limits on their use. They covered an area of 20,966 ha, 87% of which was covered by broad-leafed woods, and could theoretically produce 11,672 tons of seasoned biomass annually. As the fragmentation of the forested areas limits, for technical and economic reasons, the amount that can be used, it was decided to select adjoining areas which were capable of supplying enough wooded biomass annually to fuel a low power boiler. Based on this, 140 basins were identified. These had a total area of 10,696 hectares, and were sited in 36 of the 52 districts of the province. More than half of the basins were small, with surface areas of less than 50 hectares. However another 21% of them had a surface area of more than 100 hectares. Five of the six basins with an area of more than 300 hectares were broad-leafed forests located in the Gennargentu massif, in the districts of Orgosolo, Ortueri, Lodè and Fonni, while the other was a vast reforesting project, mainly with Maritime Pines, in the district of Torpè, north of Monte Albo. The internal viability of the areas was determined by analysing the road network, and how many main and secondary roads were found in each area. On average the index of viability was 27.2 m/ha, which indicated that there was enough infrastructure in the area [22] . Only three small basins of between 13 and 69 hectares were not crossed by main or secondary roads. By contrast, 75% of the basins had more than 10 m of road per hectare. The amount of usable biomass in the basins per year came to 6,427 t, or some 4,500 tdm/anno. At provincial level, the average amount per surface unit was 0.67 t/ha of seasoned biomass, with surface unit values ranging from 1.72 t/ha to 0.43 t/ha. The total potential energy could be 80,358 GJ/year; at an average efficiency thermal conversion rate of =0.8, this comes to 64,286 GJ/year of heat energy available to the consumer. The theoretical thermal power which could be installed ranges between 8-30 MWt, depending on the number of hours of use annually. This is between 600 and 2,500 hours in the different climate areas. Given the extension and the energy density of the basins, the choice of the technology to be used for converting the biomass into energy should be focused on small-medium scale plants (<1 MW), designed to meet the heating needs of public buildings, small scale businesses, handicraft businesses, and private housing. The location and size of the heating equipment should be based on the real heating needs of the particular site and the available biomass in the area. In this way one can optimise the environmental and economic aspects of collecting and transporting the material. To take one example, the annual heat requirements of the buildings of the Provincial Administration were estimated, in order to analyse whether or not the conventional heating plants used could be replaced by ones fuelled by woodchips from local forests. From a nominal total potential energy of 16 MW (with an average rate of 292 kW), and given the actual number of hours that heating was used during recent cold seasons, we arrived at a total annual requirement of some 3,500 t of woodchips that could easily be supplied locally. The distance between the plants and the basins should be less than 30 km, as this reduces the costs of transport, as well as the amount of CO2 emissions into the atmosphere. Another important source of biomass in the province are the residues from pruning vineyards and olive groves. For olive groves this was estimated to be 5,581 tdm annually, which, given that the humidity of the residues is 53% and the LHV is 18.6 MJ/kgdm, correspond to 103,814 GJ of total gross energy. For vineyards the figures are 4,172 tdm/annually, with humidity of 50% and LHV 18.2 MJ/kgdm, corresponding to 75,935 GJ of total energy.
Conclusions
The organised use of lignocellulosic biomass as an alternative source of energy in Sardinia and in the province of Nuoro is still infrequent. This is presumably because forest biomass (most of which comes from coppicing oak stands) is widely used as fuel in fireplaces, most of the still enormous forested area is covered by shrubs and bushes, and the lack of knowledge in the rural community of the possibilities offered by widespread use of biomass for the micro-generation of heat. Making site-specific information available is an essential precondition when making energy plans in a particular area. It both gives value to local resources and also provides concrete information on the technical and economic practicality of such measures [23] . The strategy of a network suggested here would limit extraction in areas were hydrological limitations or other types of protection were in place. It would give a key role to public forests managed by the Sardinian Regional Forestry Authority, which should create a management plan as soon as possible, and identify the public buildings as the most suitable users for conversion to heating with biomass. The conversion should also be accompanied by a plan for improving the energy efficiency of the buildings. Thus one of the key steps in moving from a study to a practical plan of action is the activation of policies which harness together the provincial and regional energy plans.
